Abstract: Assessing waste production in schools highlights the contribution of school children and school staff to the total amount of waste generated in a region, as well as any poor practices of recycling (the so-called separate collection of waste) in schools by the students, which could be improved through educational activities. Educating young people regarding the importance of environmental issues is essential, since instilling the right behavior in school children is also beneficial to the behavior of their families. The way waste management was carried out in different schools in Trento (northern Italy) was analyzed: a primary school, a secondary school, and three high schools were taken as cases of study. The possible influence of the age of the students and of the various activities carried out within the schools on the different behaviors in separating waste was also evaluated. The results showed that the production of waste did not only depend on the size of the institutes and on the number of occupants, but, especially, on the type of activities carried out in addition to the ordinary classes and on the habits of both pupils and staff. In the light of the results obtained, some corrective measures were proposed to schools, aimed at increasing the awareness of the importance of the right behavior in waste management by students and the application of good practices of recycling.
Introduction
The Autonomous Province of Trento (PAT) is located in northern Italy and has an efficient waste integrated management system, with the following objectives [1,2]:
• preventing the increase in total municipal solid waste (MSW), also considering the continuous population increase, by pursuing a constant reduction in the per capita production of MSW; • achieving specific yields of separate collection (SC) for each fraction of waste (current total yield: 75%) via collecting systems that adopt "wet-dry" separation, and upgrading existing plant facilities to support SC; • limiting the amount of residual waste to be sent for thermal treatment to about 76,800 t·year −1 , by reducing the total production of waste in line with the target SC yields; • selecting technological solutions in MSW facilities for treating different types of waste, in relation to the estimation of emissions and the assessment of the overall environmental impacts.
• quantify the current production of waste in the schools; • assess the awareness of the children/young people of different ages, regarding waste management; • promote training/education to improve the awareness and the behavior of students with respect to waste management.
Indeed, a quantitative and qualitative dual approach in assessing waste management and sustainable practices in schools is still missing in the current scientific literature. For this reason, this paper is intended to contribute to filling this gap with a discussion of the results based on: (1) the quantification of the SC performance in the different schools under evaluation; and (2) the organizational and educational factors that influence the current situation, and which could improve this situation if appropriate measures were applied at school.
Materials and Methods
In the schools presented below, students, teachers, and other school employees are requested to properly dispose of the waste depending on the waste nature. If not otherwise specified, all the schools here presented are equipped with bins intended for the collection of the following waste categories: residual waste, paper, lightweight packaging, and organic waste. Paper normally includes sheets from exercise books, newspapers, and cardboard; lightweight packaging includes cans, plastic packaging and polylaminates, mainly from the consumption of snacks and beverages by students; organic waste includes food residues from fruit or snacks eaten at school; any other waste is normally disposed of in residual waste bins. Dedicated bins are located in every classroom and in the common areas in the school (e.g., corridors, courtyards). In some cases, scholars are requested to empty the bins of their classroom in the corresponding larger bins in the common areas.
"Segantini" Primary School in Arco (Case A)
The "Segantini" primary school is located in Arco (Figure 1 ), in a central residential area. In the school year 2011/2012, this institute hosted 280 students (age: 6-10) divided into 14 classes; 11 classes follow a "full-time" schedule, in which the lessons are spread over five days a week, from 8:10 a.m. to 4:10 p.m.; in the remaining 3 classes, the lessons take place only in the morning, six days a week. The school has a canteen, whose waste was not considered in this study, as it is managed directly by the contractor of the food service. areas in the school (e.g., corridors, courtyards). In some cases, scholars are requested to empty the bins of their classroom in the corresponding larger bins in the common areas.
The "Segantini" primary school is located in Arco (Figure 1 ), in a central residential area. In the school year 2011/2012, this institute hosted 280 students (age: 6-10) divided into 14 classes; 11 classes follow a "full-time" schedule, in which the lessons are spread over five days a week, from 8:10 A.M. to 4:10 P.M.; in the remaining 3 classes, the lessons take place only in the morning, six days a week. The school has a canteen, whose waste was not considered in this study, as it is managed directly by the contractor of the food service. In the school building, there are three areas that are meant for waste disposal and that include different waste bins for the collection of the different waste categories the students are asked to dispose of. Such areas are referred to as "ecological areas" in school environments. In this school, one ecological area is present on each of the three floors and four ecological areas are located in the courtyard. All the bins are regularly emptied by the school personnel in a specific area located in the northern part of the building, where dedicated dumpsters are present, which are periodically emptied by the local municipal company that manages waste collection and transport in the PAT. The evaluation of the weekly amount of waste produced was carried out in late May 2012. Firstly, it was necessary to empty all the bins in the common areas of the school and, then, to check the status of the small bins in each classroom. As mentioned above, children were found to be diligent, since they correctly delivered the waste in the bins placed in the corridors, and so most of the small bins located in the classrooms were empty. The same procedure was repeated at the end of the week, in order to measure the entire weekly production of waste. The bins of the various waste categories and of residual waste collected by the cleaners were then weighed. At the same time, the volume of waste was measured by using a bin with capacity of 120 L and by assessing how much the bin had been filled with waste.
"Sighele" Secondary School in Riva del Garda (Case B)
The "Sighele" secondary school is for kids (age: 11-14) mainly coming from the towns of Riva del Garda, Tenno, and their surrounding villages (Figure 1 ). In total, in the school year 2011/2012, 324 students were enrolled in this school and were divided into 13 classes. The lessons are distributed over five mornings and two afternoons a week on different days depending on the school section. In the school building, there are three areas that are meant for waste disposal and that include different waste bins for the collection of the different waste categories the students are asked to dispose of. Such areas are referred to as "ecological areas" in school environments. In this school, one ecological area is present on each of the three floors and four ecological areas are located in the courtyard. All the bins are regularly emptied by the school personnel in a specific area located in the northern part of the building, where dedicated dumpsters are present, which are periodically emptied by the local municipal company that manages waste collection and transport in the PAT. The evaluation of the weekly amount of waste produced was carried out in late May 2012. Firstly, it was necessary to empty all the bins in the common areas of the school and, then, to check the status of the small bins in each classroom. As mentioned above, children were found to be diligent, since they correctly delivered the waste in the bins placed in the corridors, and so most of the small bins located in the classrooms were empty. The same procedure was repeated at the end of the week, in order to measure the entire weekly production of waste. The bins of the various waste categories and of residual waste collected by the cleaners were then weighed. At the same time, the volume of waste was measured by using a bin with capacity of 120 L and by assessing how much the bin had been filled with waste.
The "Sighele" secondary school is for kids (age: [11] [12] [13] [14] mainly coming from the towns of Riva del Garda, Tenno, and their surrounding villages (Figure 1 ). In total, in the school year 2011/2012, 324 students were enrolled in this school and were divided into 13 classes. The lessons are distributed over five mornings and two afternoons a week on different days depending on the school section.
A canteen is present too; however, as in case A, the waste generated in the canteen was not considered, as it is directly managed by the contractor of the food service.
Inside the building, in the corridors, there are four ecological areas and an additional ecological area is located outside in the courtyard. The bins for the different waste categories, located inside the building, are placed outside the main entrance of the corridors, while the external bins are near the gate of the courtyard. The remaining waste is taken to the nearest road dumpster.
The amount of weekly produced waste was evaluated in mid-May 2012 in collaboration with the school cleaners. The quantity of the different fractions of waste was weighed over a period of two weeks. In analogy with case A, the volume of waste was also determined in this case, by assessing the extent to which the 120 L bins were filled.
"Maffei" High School in Riva del Garda (Case C)
The "Maffei" high school hosts approximately 830 scholars (age: 14-18) from all over the "Upper Lake Garda" (ULG) district and from the towns and villages closest to the provinces of Brescia and Verona. The steady growth in the number of pupils over the years has led to the need for two separate school buildings. In this analysis, only the waste produced in one of the two buildings was considered; this building hosted 28 classes during the year 2012/2013, with a total number of 538 students. Lessons take place six mornings a week, while, in the afternoon, several optional courses or in-depth support activities are provided.
Inside the building, seven ecological areas are located in the corridors and an additional one is located outside in the courtyard. The SC bins are moved outside by the school personnel and are emptied by the municipal company managing waste in the PAT, according to the schedule of collection, while the residual fraction is taken to a nearby waste collection area.
Inside the school, there are no bins for lightweight packaging. Inevitably, this means that recyclable waste is thrown in the residual waste bin.
A quantitative analysis of the weekly produced waste was conducted in mid-February 2013. As in cases A and B, the school staff managed the bags of waste produced during the week, with only one difference: due the bigger size of this school building, two measurements per week were carried out instead of one only: one in the middle of the week and one at the end of the week.
The locations of the schools are presented in Figure 1 . The number of students, teachers and other employees in each school is reported in Table 1 . 
Results

Qualitative Analyses
The organization of the SC in the primary school (case A) seems to work well: the children regularly empty the bins of each classroom in the bins located in the corridors and the quality of the separated fractions is good. However, the school employees complain about careless behavior of some of the teachers who should be the first to set a good example. The presence of old bins collecting undifferentiated waste led to failures by less careful users and may represent a weak point in the SC organization.
As with case A, the SC in the secondary school (case B) achieved good results too: the students seem to be involved in the project and the school employees also seem satisfied. The quality of the different types of waste is good, although errors occasionally occur, such as paper and plastics collected in the same container.
In the case of the high school (case C), the organization of the SC does not always seem to work properly. In fact, the school employees complain about the students not regularly using the bins. In many classrooms the bins are only emptied when they are overflowing, with the result that differentiable waste is also thrown into residual waste bins. The quality of the SC varies greatly from classroom to classroom, but the bins for SC are often used incorrectly. There is also a significant production of glass waste from fruit juice bottles. These are thrown into residual waste bins, since glass is not part of the lightweight packaging and there is no specific bin for glass inside the school.
Quantitative Analyses
Waste Composition
In case A, the most important weight fraction (54.4%) was residual waste, which comes mostly from the cleaning of the classrooms and the school's administrative offices. There was also considerable paper and organic waste, the latter being mainly due to the fruit which is given to the students as a snack. In fact, this school has been involved in the European program "Fruit in Schools", aimed at encouraging the consumption of fruit and vegetables by children and promoting healthier eating habits and more balanced nutrition. The lightweight packaging was the least significant fraction in terms of weight.
Similar to case A, more than half of the waste generated in case B (55% in weight) was residual. The production of paper in case B was very significant, also due to the presence of administrative offices in the school. The weight percentage of the organic waste was very small compared to school A, while the production of lightweight packaging was slightly higher than school A.
With regard to case C, the weight percentage of residual waste was higher than the other two schools (62.3%). In addition, a considerable percentage of paper (23.9%) and a significant fraction of light packaging (10.7%) were reported. Conversely, the amount of organic waste measured was quite low. This is due to the fact that the only bin for the collection of food waste is placed in the courtyard, which is not used very often, especially in winter. Some organic waste is therefore collected with the residual fraction.
The results of the quantitative analyses performed in schools A, B, and C are summarized in Table 2 . Case C is characterized by the highest production of waste, mainly due to the fact that it hosts many more students than the other two institutes considered in this study (Table 1) ; an 88.6% and 61.7% higher number of people in case C with respect to cases A and B, respectively, corresponding to an 88.2% and a 73.5% increase in the total production of waste. In case B, there is a 16.6% higher number of people with respect to case A, which led to an 8.5% increase in waste production. In terms of the production yields of the different waste fractions, the amounts of paper, lightweight packaging, and residual waste increased with the number of people, as expected, while the amount of organic waste decreased. As mentioned above, school A is part of the European program "Fruit in Schools" and is therefore the only school with a significant production of organic waste.
In order to draw comparisons that are independent of the population of each institute, the per capita production of waste was analyzed including all the following school users: students, teachers, school staff, and administrative employees. The per capita production of the different waste fractions analyzed is shown in Table 3 . The smallest per capita production of waste was observed in case B, while the other two schools had almost the same per capita production. The main noticeable difference concerns the per capita production of the organic fraction, which ranged from 34.5 g in school A to about 6.0 g in C. With regard to the paper fraction, school A was characterized by the lowest production. The higher values reported in cases B and C are due to the presence of a large number of offices, especially in case B. Another reason is the significant provision of newspapers that are read in the classrooms of school C. The per capita production of lightweight packaging fraction increased with the age of the students, which is mainly due to the presence, especially in school C, of vending machines for drinks and snacks, which are absent in case A.
Comparison between the Schools
In order to better highlight the different results among the schools, Table 4 reports the percent differences between the three cases in terms of per capita production of waste. 
Comparison between Cases A and B
In case B, the total production of waste was 7.0% lower than case A. With regard to the different waste fractions, case B presented a higher production of paper, due to the presence of offices in the building, and of light packaging, while the amounts of residual waste and organic fraction decreased. It is also worth underlining that school B is attended by students for five days out of seven, unlike school A which is also open on Saturday morning.
Comparison between Cases A and C
The difference between the per capita production of total waste in case A and the respective production in case C was negligible (+0.2%). However, the higher amount of residual fraction, paper, and lightweight packaging produced in case C was evident, while the organic fraction was much lower. The higher production of paper is due to the presence of administrative offices and to the reading of newspapers in the classrooms. The higher presence of lightweight packaging in school C is due to the presence of vending machines selling drinks and snacks, which are consumed by students. If the organic fraction is not considered, the total per capita production was substantially higher in case C than in case A.
Comparison between Cases B and C
The total amount of residual waste and lightweight packaging was higher in school C, while the amounts of paper and organic fraction were lower. In school C the total production of waste was 7.3% higher than in school B. When the organic fraction is not considered, the situation described above changes only slightly, due to the low production of food waste in case C, which is common in those institutes where there is no canteen service [14, 15] , and to the fact that food waste was not taken into account in the quantitative analysis of case B. However, food waste generation in canteens can be very high, as demonstrated in a recent study on a primary school [16] , where food waste accounted for 45.3% of the meals served.
Discussion and Proposals
Discussion on Quantitative Results
The production of residual waste was not only related to the size of the institutes or to the number of people working inside, but also to the activities that are carried out and to the habits and behaviors of students and employees. Our data show that the production of organic waste is not sufficient to justify a specific SC in secondary schools (B and C), while it is justified in primary schools (A). It is probably more useful to improve information on how to separate and collect the other types of waste. In any case, the collected data do not determine whether a more virtuous behavior depends on the age of the students and, thus, on the level of education. This result is in contrast with the findings from a previous study [13] , which shows a lower SC yield achieved by the youngest scholars. The higher yield obtained in the present study may be explained with the active role of teachers and school employees in motivating the scholars towards sustainability and good environmental practices. Since no evident differences among age classes were detected, an integrative analysis was carried out to compare the data obtained in case C with the two cases: the "Da Vinci" high school (case C2) and the "Galilei" high school (case C3). School C2 hosts about 1300 students per year. In each classroom, there have been three bins since 2009/2010: one for residual waste, one for paper, and one for lightweight packaging. Other bins, used to collect the same categories of waste, are located in the school corridors. School C3 hosts almost 900 students per year and every classroom is equipped with the same types of bins as school C2. In addition, bins for the collection of paper, lightweight packaging and residual waste are located in the school corridors, as in school C2.
Comparison between Case C and Cases C2 and C3
Considering the data reported in Table 5 , it is clear that the waste production in case C is higher, both with respect to C2 (+67.6%), and C3 (+17.4%). The same applies for the different waste fractions, where the biggest difference is with the lightweight packaging (+108.1%).
Such high values in school C are mainly due to the high number of people that are present in the building also in the afternoon, since specialization courses for teachers, also coming from other schools, were happening during the period of measurements, in addition to the normal activities dedicated to students. Moreover, in the afternoon, there were students from buildings where the pupils attend extra classes and from the gym. Consequently, the real number of students was greater than the official one. The difference observed in the production of light packaging in school C2 is also due to the low number of vending machines in this institute with respect to the other two schools. With regard to the organic fraction, a specific SC is not active in either case C2 or C3. Given the almost negligible amount of food waste collected in case C, this is an acceptable result.
Comparison with the Daily per Capita Production in the Province of Trento
It is interesting to compare the contribution of the school institutes with the total production of waste in the province of Trento. Considering the data for the year 2011, every inhabitant equivalent produces about 493 kg·year −1 of waste [17] , corresponding to about 1350 g·day −1 . By dividing the total weekly production of waste measured in the three schools (cases A, B, and C) by the respective number of weekly opening days, about 33 g·day −1 of waste per capita are obtained, which accounts for 2.5% of the total daily production for the province of Trento. In addition, schools are not open all year round, thus the actual percentage decreases to about 1.5%.
In view of this, the promotion of SC at school and the education regarding good practices of separating the waste streams produced in schools is of secondary importance with respect to the need to educate children and students in the promotion of good environmental practices at home [18] [19] [20] , providing their families with good examples. This latter aspect is not negligible, especially in the district which schools A, B, and C belong to, since this part of the province has not yet achieved the SC objectives set by the local government [1,21].
Current Environmental Education Initiatives in Schools
The community of the ULG district proposed a series of environmental education activities in schools for the school year 2012/2013. One of these was carried out by the Ecology Group [22] of the primary school of Tenno (close to Arco) which is working very well in involving children in SC.
Meetings Proposed by the ULG District
For the school year 2012/2013, a number of educational meetings concerning the production and the recycling of waste were proposed, in particular:
• For primary schools: two meetings on the paper cycle with a creative laboratory dedicated to the students from the fifth year (last year of primary school); the performance of a play at the theatre on the recycling of waste; a meeting with local groups of scouts aimed at explaining proper waste collection to children through recreational and educational activities;
• For secondary schools and professional institutes: an informative plenary session on the importance of waste reduction and its recycling.
The Ecology Group of the Primary School of Tenno
In the primary school of Tenno, teachers have set up an Ecology Group (EG), which consists of a teacher, a janitor, and five children from the fourth year (aged 9 years) [22] . The EG, represented by one of its students, checks the waste produced by the different classes each week, and reports any errors to the remaining students. The EG notes down the performance achieved by each class in terms of efficiency in separating waste, underlining mistakes and/or inappropriate waste disposal. Every month, all classes are checked and the best performance is then rewarded with a diploma. In this way, the quality of the separated fractions is very good.
In addition, the EG uses signs to easily indicate the correct use of the bins. For example, a plastic spoon for residual waste or an aluminum lid of a yoghurt pot for light packaging. This is in order to make immediately clear to children (especially the youngest) what to do and where to throw the litter. The beneficial role of extracurricular activities was documented in a recent study carried out in South Africa [11] . Improvements in the SC yields are then expectable if the activities carried out in the ULG district would be exported and applied elsewhere.
Proposals to Improve the SC in School Institutes
Critical Issues
The results of the qualitative and quantitative analyses carried out in this study show that providing schools with adequate material is not sufficient to obtain satisfactory SC yields. The conscious involvement of all the people working and studying inside schools is much more important.
During the weeks of analysis, several critical issues were identified, such as:
• the presence of bins without clear instructions (or no instructions at all) thus leading to the frequent incorrect separation of the waste fractions, such as those that were present both inside and outside school A; • the lack (in some ecological areas) of the bins dedicated to a particular fraction of waste (e.g., in the courtyard of school C, there was no bin for lightweight packaging); • the lack of attention in correctly separating waste by teachers and school staff, who should give examples of the correct behavior; • the lack of a regular emptying of bins located inside the classrooms, especially in school C; • incorrect application of the SC by the students, due to carelessness or lack of information; • the presence of additional waste fractions that could be collected separately (e.g., glass in school C) and which are instead disposed of as residual fraction. However, in these cases, the real value in activating a dedicated SC must be assessed.
Furthermore, the high percentages of waste collected as residual fraction (>50%) highlighted the wide margins for improvement, although the organic fraction (characterized by high density) is not particularly prevalent and, as a consequence, the recycling rate is lower than the rate that can be obtained from household waste. Various guidelines for improving the SC in school buildings were therefore formulated and are presented in the following sections.
Improvement of Information and Communication
A dedicated website could be a very useful tool to provide people with information, making all the materials on SC and its organization available to the public. Informative posters for use at home or in various other productive activities could be downloaded and printed, thereby improving the SC throughout the local area and not only in schools. The data on the qualitative and quantitative analyses on each school could be published, a ranking could be established and prizes could also be proposed to the best-performing schools (e.g., guided visits in waste treatment plants, etc.). A webpage enabling all users to ask experts questions regarding any doubts or problems could also be useful.
A key aspect consists in involving scholars in direct educational activities at school. This target could be achieved by training new users and employees to carry out educational projects on waste management and sustainability. Thus, at the beginning of each school year, projects and related operative aspects should be explained to all newcomers.
Questionnaires could be profitably used to find out whether there are any particular problems related to the correct application of waste management inside schools. Through the data collected, the aspects of waste collection management that are not clear could be highlighted and incorrect behaviors could be rectified through dedicated meetings.
In addition, in order to make children further aware of the importance of good practices of waste collection, EGs could be set up in each school, consisting of teachers, students and school employees. The groups could then periodically evaluate the quality of SC and propose further meetings on environmental issues. The positive role of awareness campaigns in improving SC and reducing the generation of waste has been demonstrated by recent studies [23] [24] [25] .
Considering the fundamental educational role of teachers, each class should have a teacher responsible for carrying forward a project to raise awareness of environmental issues.
Supplies
The generation of residual waste can be also prevented with a selection of the goods supplied to the school: an analysis of the goods arriving at school would highlight the quality and quantity of waste that is likely to be produced and specific goods and/or packing materials could be chosen in order to decrease residual waste and packing materials.
Management and Organizational Issues
Each class should identify a student responsible for the regular emptying of bins in order to prevent the accumulation of waste and, consequently, avoid incorrect practices: in fact, when the correct bin is full, it may happen that users throw recyclable waste in the bin dedicated to the residual fraction.
A fundamental aspect of the SC organization is to establish who has to take care of placing the bins outside the building (in the case of door-to-door collection) or of emptying bins into ecological areas, particularly when the cleaning service is carried out by an external company. In this case, in the absence of precise tasks not specified in the contracts, the accumulation of incorrect waste may occur.
A person should be made responsible for the management of special waste or, as an alternative, an external company responsible for the removal of special waste (e.g., batteries, toner for printers and copy machines, or laboratory waste).
Analysis of the Waste Production
Qualitative and quantitative analyses of the waste fractions are necessary to calculate the SC yields, in order to determine any incorrect SC and, possibly, to reconsider the size and location of bins.
To keep the quality of the separately collected fractions at high levels (or to improve it), continuous monitoring by the EG of a school or by the manager of the school complex is desirable. This should focus not only on the bins placed in the corridors, but also in the various classrooms. As already mentioned, the results of these analyses could be published on a dedicated website, so that students are motivated to compete with other classrooms in an attempt to achieve better results.
A quantitative analysis would make it possible to highlight the trends and any improvements (or deterioration) obtained over the years. In addition, a specific analysis on the waste composition of the residual fraction would help identifying the specific types of waste that had not been considered before in the SC organization. Knowing the weekly production of waste would lead to a complete interception of waste and a correct scheduling of the emptying of bins. However, to carry out such an analysis, a week of ordinary educational activities needs to be selected, avoiding public holidays, school assemblies, strikes and other activities that may not be representative of normal school activities.
Conclusions
The measurements carried out in the three schools showed that the production of waste does not only depend on the size of the institutes (in terms of students, teachers and other employees), but especially on the types of activities carried out in addition to the ordinary lessons and on the habits of the people working and/or studying in the schools.
A comparison between different types of schools is very difficult, but is interesting in terms of understanding what the most important waste fractions to be collected separately are and which fractions are negligible.
The results also showed that the active and ongoing role of teachers is a key factor in achieving good results.
Lastly, the critical issues identified in the three schools allowed establishing guidelines aimed at improving the management and the collection of waste in schools. In addition, it is also crucial to improve the awareness of the people involved, in such a way that the SC of waste becomes part of the normal everyday life, at school, at home, and in the community.
